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Abstract 


We  have  examined  the  activity  of  dimlnazene  (Berenll)  on  growth 

and  nucleic  acid  synthesis  In  bloodstream  forms  of  Trypanosoma  brucel. 

Our  findings  Indicate  that  exposure  to  drug  in  vivo  results  In  the 

accumulation  of  what  appear  to  be  predi visional  forms  which  contain 

-ZA  the  amounts  of  DMA,  RNA  and  protein  found  In  non-exposed  parasites. 

Dimlnazene  Cdlmlnaz.U  reversibly  Inhibits  the  incorporation  of 
3  3 

H-thymIdIne  and  H-uracil  Into  DNA  and  RNA  respectively  when  trypa¬ 
nosomes  are  labeled  in  vivo  or  in  vitro.  Dimlnazene  inhibits  the 
activity  of  DNA  polymerases  (Pol.  1}  but  does  not  appear  to  Inhibit 
an  £.  coll  RNA  polymerase.  Ue  conclude  that  dimlnazene  blocks  cell 
division  In  T.  brucel .  Inhibits  DNA  synthesis  In  these  forms  and  in¬ 
terferes  with  RNA  metabolism  by  Inhibiting  synthesis  and/or  enhancing 
degi^atlon. 

The  present  study  was  undertaken  to  examine  (a)  the  effect  of 
diamlnazene  on  the  growth  and  cellular  morphology  of  monomorphic 
bloodstream  trypanosomes;  (b)  the  effect  of  diamlnazene  on  nucleic 
acid  and  protein  synthesis  of  these  trypanosomes;  and  (c)  the  effect 
of  diamlnazene  on  prokaryotic  and  eukaryotic  In  vitro  nucleic  acid 
synthesizing  systems.  The  results  obtained  are  considered  as  to 
whether  they  may  account  for  the  ability  of  this  drug  to  cure  some 
of  the  African  trypanosomiases. 


Dimlnazene  has  been  cited  as  being  kinetoplast  selective  (Newton, 

1967;  Newton  and  LePage,  1968;  MacAdam  and  Williamson,  1969,  1972; 

Brack  et.  a1.,  1972a,  1972b;  Newton,  1975).  Previous  Investigations 
have  not  examined  the  mode  of  action  of  dimlnazene  on  African  bloodstream 
trypanosomes.  Though  Its  apparent  selectivity  for  (KP-DNA)  klnetoplast- 
DNA  Is  an  Interesting  drug  property,  this  may  not  be  a  principle  feature 
responsible  for  Its  mode  of  action  In  vivo,  especially  In  view  of  the 
fact  that  the  kfnetoplast-mitochondrion  complex  of  brucel  subgroup  forms 
In  blood  appear  to  be  Inactive  and  that  drug-induced  dyskinetoplastic 
bloodstream  trypanosomes  are  viable  (Stuart,  1971). 

The  Interaction  of  dimlnazene  with  nucleic  acids  In  vitro  suggests 
that  Inhibition  of  nucleic  acid  and/or  protein  synthesis  may  occur  In 
vivo.  The  present  study  was  undertaken  to  determine  whether  dimlnazene 
Inhibits  nucleic  acid  synthesis  In  monomorphic  trypanosomes  multiplying 
In  the  mouse  bloodstream,  or  maintained  In  vitro  In  a  glucose  buffer. 

We  have  also  examined  the  action  of  dimlnazene  on  prokaryotic  and 
eukaryotic  in  vitro  DNA  synthesizing  systems.  The  results  obtained  are 
considered  as  to  whether  the  effect(s)  of  dimlnazene  on  nucleic  acid 
synthesis  In  bloodstream  forms  may  account  for  Its  curative  properties 
on  some  of  the  African  trypanosomiases. 

MATERIALS  AND  METHODS 

Radiochemicals;  Thym1d1ne-6-^H(^H-Tdr)  (sp.  act.  9.82  CI/mM), 

Urac11-6-^H(^H-U)  (sp.  act.  27.5  CI/mM)  and  uniformly  labeled  L-teuc1ne-^^C 
14 

(  C-teu)  sp.  act.  255  mCi/mM)  were  purchased  from  New  England  Nuclear, 
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Boston,  Mass.  Uracil-2,6-^^C  (^^C-U)  (sp.  act.  115  mCi/mM)  was 
purchased  from  Mallinkrodt  Chemicals,  St.  Louis,  Mo.  [Methyl -^H]dTTP 
(VdTTP)  (sp.  act.  75  Ci/raM)  and  ^H-5-UTP  (VuTP)  (sp.  act.  4  Ci/mM) 
were  purchased  from  International  Chemical  and  Nuclear  Corp.,  Irvine, 
Calif.  Biochemicals:  £.  coli  B  DMA  polymerase  (DNA  deoxynucleotidyl 
transferase,  EC  2. 7. 7. 7)  Fraction  VII,  sp  act  5000  U/mg  and  calf 
thymus  DNA  polymerase  EC  2.7.7. 7,  sp.  act.  100  U/mg  were  purchased  from 
General  Biochemicals,  Chagrin  Falls,  Ohio.  M.  lysodeikticus  DNA 
polymerase,  EC  2.7.7. 7  sp.  act.  100  U/mg  was  purchased  from  Miles  Lab¬ 
oratories,  Kankakee,  111.  All  other  biochemicals,  including  £.  coli 
K-12  RNA  polymerase,  EC  2. 7. 7. 6,  sp.  act.  600  U/mg,  highly  polymerized 
calf  thymus  DNA,  yeast  sRNA,  pyruvate  kinase,  deoxyribonuclease  I 
(EC  3. 1.4. 5,  sp.  act.  2000  U/mg,  and  all  biochemicals  used  in  polymerase 
assays  were  purchased  from  Sigma  Chemical  Co.,  St.  Louis,  Mo.  All  other 
chemicals  used  were  reagent  grade  and  purchased  from  commercial  sources. 

Oiminazene  (4,4'-diamidino-diazo-amino-benzene  diaceturate)  was  a 
generous  gift  of  Dr.  A.  H.  Loewe,  Farbewerke-Hoechst,  Frankfurt-am-Main, 
Germany;  it  was  used  without  further  purification.  Source  of  Trypanosomes 
and  Mice:  The  strain  of  Trypanosoma  brucei  used  in  these  investigations 
(monomorphic,  rodent-adapted)  was  a  generous  gift  of  Or.  W.  Trager, 
Rockefeller  University,  New  York.  The  infection  was  maintained  in  CFl 
(males,  25-30  gm,  6-8  weeks  old  -  Carworth  Farms,  N.Y.,  N.Y.)  and  NLW 
mice  (males,  25-30  gm. ,  6-8  weeks  old  -  National  Laboratory  Animal  Co., 

St.  Louis,  Mo.)  Buffers:  (all  values  as  g/t):  Buffer  1:  EDTA  5.0; 
Trizma  base  5.0;  dextrose  2.0;  NaCl  4.0;  KC1  0.2;  adjusted  to  pH  7.5 
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with  HC1.  Buffer  2:  Trizma  base  5.0;  dextrose  2.0;  NaCl  4.0;  KC1  0.2; 

CaCl2  0.2;  MgCl2  6H2O  0.2,  adjusted  to  pH  7.5  with  HCl.  Harvest  of 
Trypanosomes:  Trypanosoma  brucei  was  maintained  in  CFl  and  NLW  mice  by 
intraperitoneal  (ip)  syringe  passage  of  infected  mouse  blood.  Infection 
and  diminazene  cure  proceed  similarly  in  both  strains  of  mice.  Experi¬ 
mental  animals  were  infected  ip  with  an  appropriate  number  of  trypanosomes 

O 

so  as  to  produce  a  parasitemia  of  1-2  10  trypanosomes/ml  blood  within 
36  hr.  No  experimental  animals  were  used  longer  than  48  hours  postin- 
fection.  The  generation  time  of  this  stabilate  in  the  mouse  strains  used 
is  5-5.5  hours.  Parasitemia  levels  were  routinely  determined  by  hemocytometer 
count  and  by  examination  of  wet  mounts. 

Purification  of  trypanosomes  from  cardiac  blood  was  accomplished  as 
described  by  Lanham  (1968).  Preparation  for  Transmission  Electron 
Microscopy:  Trypanosome  pellets  (either  before  or  after  DEAE-cellulose 

filtration)  were  fixed  in  cold  2.5X  glutaraldehyde  in  0.1M  sodium  cacodylate 
buffer  the  pellets  were  post- fixed  with  IX  OsO^  in  the  same  buffer  for 
1  hr.  All  subsequent  steps  were  carried  out  at  rooir.  temperature.  The 
pellets  were  fragmented  into  small  pieces  and  overlayered  with  IX  aqueous 
uranyl  acetate  for  20  min,  after  which  the  uranyl  acetate  was  withdrawn 
and  the  material  overl^o'ered  with  70X  ethyl  alcohol.  The  pellet  fragments 
were  dehydrated  by  passage  through  a  graded  series  of  alcohols  followed  by 
itnnerslon  in  propylene  oxide.  The  material  was  embedded  in  epon  (Luft,  1961) 
which  was  polymerized  in  a  60*C  oven  for  48  hr. 

After  polymerization,  thick  sectioning  (0.5y)  and  staining  (0.2X 
Azure  II  in  IX  sodium  borate),  sections  were  examined  under  a  light 
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microscope  for  gross  evaluation  of  cell  preservation  and  for  the  selec¬ 
tion  of  suitable  areas  for  thin  sectioning.  Thin  sections  were  cut 
with  glass  or  diamond  knives  on  an  MT-2  Porter-Blum  ultramicrotome  and 
transferred  to  formvar  coated  grids  previously  stabilized  with  a  thin 
film  of  carbon.  Sections  were  stained  with  3%  uranyl  acetate  In  50% 
ethyl  alcohol  for  10  min  followed  by  0.4%  lead  citrate  In  O.IM  NaOH  for 
5  min.  Electron  micrographs  were  taken  with  a  Jelco  TM  or  a  Phillips 
300  electron  microscope.  Diminazene  Treatment  and  Labeling:  Dimlnazene 
was  dissolved  In  buffer  2  and  administered  in  a  small  volume  (0.2  ml) 
to  mice  by  the  Ip  route.  Thymid1ne-6-  H  or  uracil-6-  H  (sterile, 
aqueous)  was  administered  Ip  (0.2-0. 5  mCl/mouse  In  0.1-0. 3  ml).  OEAE 
purified  trypanosomes  were  suspended  in  buffer  2  at  a  concentration  of 
10^  cells/ml.  Twenty-five  ml  aliquots  of  cells  were  placed  In  50  ml 
flasks,  wanned  to  the  appropriate  temperature  and  diminazene  (100  y1  of 

an  appropriate  concentration  dissolved  In  buffer  2)  was  added.  Two 
3  3  14 

min  later,  H-TdR,  H-U  or  C-teu  was  added  to  the  flasks.  Pulse  and 
chase  experiments  were  performed  by  exposing  the  trypanosomes  for  an 

3 

appropriate  length  of  time  to  H-U  and  then  adding  a  1000  fold  excess 
of  unlabeled  uracil  to  the  suspending  medium. 

Serum  Isotope  levels  In  diminazene  treated  and  untreated  Infected 
mice  were  determined  as  follows:  Twenty  y1  samples  of  tall  blood  collected 
In  heparinized  capillary  tubes  at  various  times  after  Isotope  injection 
were  centrifuged  In  a  hematocrit  centrifuge  and  5  y1  samples  of  sera  spotted 
on  Mllllpore  filters.  After  drying  the  filters  were  counted  In  a  Nuclear 
Chicago  Mark  II  liquid  scintillation  counter  using  a  toluene  based 
scintillation  fluid. 
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Radioactivity  Measurements  of  Trypanosomes:  (a)  Whole  cells:  5x10®  or 
10^  DEAE-purified  trypanosomes  in  buffer  2  were  poured  onto  a  Millipore 
filter  (25  nm. ,  0.45p  pore  size)  and  washed  three  times  with  buffer  2. 

(b)  Nucleic  acids:  5x10®  or  10^  DEAE  purified  trypanosomes  in  buffer  2 
were  diluted  with  an  equal  volume  of  cold  10%  TCA  and  placed  on  ice  for  a 
minimum  of  15  minutes.  The  TCA  precipitates  were  collected  on  Millipore 
filters  and  washed  with  four  volumes  of  cold  5%  TCA  (Munro  and  Fleck, 
1966). 

The  relative  amount  of  label  appearing  in  DNA  and  RNA  was  determined 
by  comparing  counts  in  TCA  precipitates  ((b)  above)  with  counts  remaining 
in  TCA  precipitates  after  base  hydrolysis  as  follows:  TCA  precipitates 
as  obtained  in  (b)  above  were  centrifuged  at  1465xg  for  15  minutes.  The 
precipitates  were  washed  with  5%  TCA  and  resuspended  in  2.5  ml  of  0.5N 
NaOH.  After  a  2  hour  incubation  at  37'*C  to  hydrolyze  RNA,  the  solutions 
were  chilled,  and  250  yg  of  BSA  (in  1  ml  H2O)  was  added.  After  neutrali¬ 
zation  with  2.5  ml  of  0.5N  HCl,  6  ml  of  cold  10%  TCA  were  added.  The  TCA 
precipitates  were  collected  on  Millipore  filters  and  washed  several  times 
with  5%  TCA.  (c)  Protein:  TCA  precipitates  obtained  in  (b)  above  were 
boiled  for  20  minutes  before  Millipore  filtration  (Munro  and  Fleck,  1966). 

All  Millipore  filters  were  placed  in  glass  vials,  dried,  and  counted 

by  the  scintillation  method.  Chromatography  of  Nucleic  Acid  bases: 

3  3 

Trypanosomes  labeled  in  vivo  or  in  vitro  with  thymidine-6-  H,  uracil-6-  H 
14 

or  uracil-2,6-  C  were  isolated  and  purified  as  previously  described. 
After  passage  through  DEAE  cellulose  the  cells  were  centrifuged  at  1020xg 
for  10  minutes  and  the  pellets  resuspended  in  a  final  volume  of  1.2  ml  of 
buffer  2  to  which  2  ml  of  7%  HCIO  were  added.  The  solution  was  placed  on 
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ice  for  3  min  and  the  ppt's  centrifuged  at  1465xg  for  10  min.  The  HCIO^ 
ppt's  were  washed  2X  with  a  2%  HCIO^  solution  containing  2.0x10  M 
sodium  pyrophosphate.  The  washed  ppt.  was  hydrolyzed  in  70%  HCIO^  for 
1  hr  at  lOO^C.  The  hydrolysate  was  chilled,  neutralized  with  KOH  and 
frozen.  The  hydrolysate  w-is  removed  from  the  freezer  and  centrifuged 
at  1465xg  for  10  minutes  to  remove  precipitated  KCIO^.  The  clear  super¬ 
natant  was  mixed  in  various  proportions  with  a  solution  containing  0.4 
mg/ml  each  of  adenine,  thymine,  cytosine,  uracil  and  guanine.  The  mixture 
of  the  HCIO^  hydrolysate  and  bases  (3yl)  was  spotted  on  Eastman  cellulose 
thin  layer  plates  (2  dimensional  chromatograms)  or  Whatman  #1  filter 
paper  (one  dimensional  chromatograms)  and  chromatographed  in  one  or  two 
dimensions  using  the  following  solvent  systems:  Solvent  (1)  Propan-2-ol 
(680  ml),  11.6  N  HCl  (176  ml),  water  to  1  liter;  Solvent  (2)  butan-l-ol 
(770  ml)  water  (130  ml),  98%  formic  acid  (100  ml )( Littlefield  and  Dunn, 
1958).  Spots  on  the  two  dimensional  chromatograms  corresponding  to  the 
five  bases  were  located  using  a  short-wavelength  U.V.  lamp,  scraped  off, 
placed  in  glass  vials  and  counted  by  the  liquid  scintillation  method. 

After  development  in  Solvent  1,  the  one-dimensional  chromatograms 
were  dried  and  the  spots  corresponding  to  the  five  bases  were  located  by 
UV.  The  paper  was  cut  into  0.5"  strips,  and  counted  by  the  scintillation 
method.  The  location  of  radioactivity  was  compared  with  the  location  of 
the  spots.  Measurement  of  DNA,  RNA  and  Protein:  DMA  was  determined  by 
the  P-nitrophenyl hydrazine  (PNPH)  method  of  Webb  and  Levy  (1955).  RNA 
was  determined  by  the  orcinol  method  (Schneider,  1957).  DNA  and  RNA  con¬ 
tent  were  determined  on  5%  TCA  hydrolysates  (30  min  lOO'C)  of  purified 
trypanosomes.  Protein  was  determined  by  the  method  of  Lowry  (1951)  using 


homogenates  of  purified  trypanosomes .  DNA  Polymerase  Assay:  ONA  polymerase 
was  assayed  by  the  filter  paper  disk  technique  of  Boll  urn  (1966)  as  described 
by  Brown  and  Coffey  (1972).  RNA  Polymerase  Assay:  RNA  polymerase  was 
assayed  by  the  method  of  Chamberlain  and  Berg  (1962)  modified  as  follows. 

The  standard  assay  system  contained  the  following  constituents  in  a  final 
volume  of  0.1  ml:  4  umoles  Tris-HCl,  pH  7.9  at  37*;  0.4  umoles  MgCl2;  0.1 
pfflole  MnCl2>  pmoles  B>mercaptoethano1 ;  0.04  pmole  each  of  ATP,  CTP  and 
GTP;  0.04  limole  UTP  containing  0.5  yCi  of  Vs-UTP;  0. 5-2.0  units  of  RNA 
polymerase  and  1-10  yg  of  native  or  heat  denatured  calf  thymus  DNA.  The 
mixture  was  incubated  at  37*  for  30  minutes.  The  reaction  was  stopped  by 
placing  the  reaction  mixture  on  a  filter  paper  disk  at  50*C  (Bollum,  1966). 
The  paper  disk  was  dried  and  washed  as  in  the  ONA  polymerase  assay  except 
that  in  the  second  washed  0.01%  ATP  was  replaced  by  0.01%  UTP.  After  dry¬ 
ing  the  radioactivity  on  the  disks  was  determined  by  the  scintillation 
method. 
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RESULTS 

Effect  of  Diminazene  on  the  Growth  of  Trypanosoma  brucei  in  vivo. 

When  a  minimum  curative  dose  (MCD)  is  administered  to  mice  showing 

Q 

'•10  organisms/ml  blood  this  parasitemia  level  persists  for  12-18  hr. 

The  trypanosomes  are  motile  but  larger  than  those  from  untreated  ani¬ 
mals.  The  parasitemia  level  decreases  after  18  hr  and  full  clearing 
is  achieved  within  one  to  four  days  after  treatment.  The  rate  of 
clearing  appears  to  be  directly  dependent  on  the  amount  of  diminazene 
administered,  in  the  range  10-100  yg/g.  The  [MCDD  in  these  studies 
was  -S  yg/g  body  weight.  The  smallest  dose  that  resulted  in  >90%  cure 
when  administered  two  generation  times  before  death  would  have  occurred 
was  10  yg/g>  defined  as  the  curative  dose  [CD!]. 

Ultrastructural  Alterations  in  Diminazene  Treated  T.  brucei  In  Vivo: 
Examination  of  T.  brucei  harvested  at  different  times  after  treatment 
with  a  [CDD  reveals  a  sequence  of  changes.  Alterations  in  the  KP-DNA 
are  seen  soon  after  treatment,  whereas  nucleolar  changes  are  observed 
only  after  the  elapse  of  several  generation  times.  After  four  hours 
the  KP-DNA  in  nearly  all  cells  seems  to  have  lost  its  normal  fila¬ 
mentous  rod-line  structure  (Figs.  3  and  4)  and  appears  fragmented  (Figs. 
5a  and  5b).  At  this  time,  the  cell  nucleus  and  nucleolus  are  indis¬ 
tinguishable  from  those  seen  in  untreated  cells  (Figs.  1,  2  and  6). 
Trypanosomes  examined  after  18  hr  or  ~3.5  generation  times  show  pro¬ 
nounced  alterations  in  the  nucleus.  The  nucleolus  appears  either  as 
one  or  more  highly  condensed  spheres  (in  about  80%  of  the  cells)  or 


as  a  number  of  small  fragments  (in  about  20%  of  the  cells).  The 
KP-DNA  is  fragmented  in  all  cells  (Figs.  7a,  7b  and  7c). 
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MacAdam  and  Williamson  (1972)  found  alterations  in  the  KP-DNA 
of  T.  rhodesiense  6  hr  after  diminaz.  treatment.  No  alterations  in 
the  nucleus  or  nucleolus  were  evident  at  this  time. 

DEAE  purified  trypanosomes  resuspended  in  buffer  2  containing 
diminazene  (2-10  yg/ml)  survive  for  3-4  hr  at  25°C.  After  a  2  hr 
exposure  to  10  yg/ml  nearly  all  cells  exhibit  fragmented  KP-DNA.  The 
nucleus  and  nucleolus  are  unaltered.  In  vitro  exposure  of  trypano¬ 
somes  to  30-100  yg/ml  results  in  rapid  cell  death  followed  by  lysis. 

It  has  been  reported  that  nucleolar  fragmentation  immediately 
precedes  cell  division  in  T.  brucei  (Vickerman  and  Preston,  1970). 
Nucleolar  fragmentation  was  rarely  observed  during  electron  micro¬ 
scopic  examination  of  untreated  trypanosomes.  The  large  number  of 
predivisional  forms  seen  after  18  hr  suggested  that  diminaz.  treated 
cells  were  unable  to  divide.  Since  a  blockage  in  cell  division  may 
be  caused  by  a  breakdown  of  essential  steps  during  the  S  and  M  phases 

of  the  cell  cycle,  we  next  examined  nucleic  acid  synthesis  in^ 

3  3 

VIVO.  Effect  of  Diminaz.  on  Incorporation  of  H-Thymidine  and  H-Uracil 

into  DNA  and  RNA  In  Vivo:  AuactabxXcti/  ^H-TdR  ^H-U  to  bZoodit/Liom 

t/iypanoaomu  tn  untreated  and  dcnUnazeMe.  treated  ajumaJU.  Figures  8 

3  3 

and  9  show  the  levels  of  H-TdR  and  H-U  respectively  in  the  sera  of 
untreated  and  diminaz.  treated  mice  at  various  times  after  ip.  injection 

3 

of  Isotope.  Diminaz.  does  not  interfere  with  the  uptake  of  H-TdR  or 

3 

H-U  from  the  peritoneum  nor  does  its  presence  alter  the  rate  at  which 
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radioactivity  disappears  from  the  bloodstream.  This  observation  holds 

3 

when  injection  of  H-TdR  follows  diminaz.  administration  by  no  less 

3 

than  30  min.,  and  H-U  follows  diminaz.  by  no  less  than  60  min. 

3 

oi  diminaz.  on  H~TdR  incoKpofuition.  Figure  10  shows  the  effect  of  a 

3 

cd  on  incorporation  of  H-TdR  into  cold  5%  TCA  precipitable,  alkali 

3 

stable  material  (DMA)  at  various  times  after  injection  of  H-TdR.  There 
was  no  loss  of  radioactivity  in  TCA  precipitates  from  trypanosomes 

3 

labeled  in  vivo  with  H-TdR  following  alkaline  hydrolysis.  The  only 

radioactive  material  recoverable  from  70%  PCA  hydrolysates  of  dilute 

3  3 

acid  insoluble  extracts  of  trypanosomes  labeled  with  H-TdR  was  H-T. 
(see  Fig.  22).  After  a  30  min  exposure  to  drug,  incorporation  of 

3 

H-TdR  into  trypanosome  DNA  is  inhibited  by  70-80%.  The  greatest  in- 

3 

corporation  takes  place  shortly  after  injection  of  the  H-TdR,  and  the 
rate  of  incorporation  decreases  as  a  function  of  time.  This  labeling 
pattern  is  attributable  to  the  continuously  decreasing  level  of  isotope 
in  the  serum.  During  the  time  course  of  the  experiment  described  in 
Figure  10,  (0. 5-3.0  hours  after  H-TdR  injection)  trypanosomes  in  un- 

3 

treated  mice  incorporated  8-9X  more  H-TdR  than  did  trypanosomes  in 
diminaz.  treated  mice.  When  one-tenth  the  amount  of  diminaz. (1  ug/g 
body  weight)  is  administered  incorporation  of  H-TdR  into  trypanosome 
DNA  is  70-75%  of  the  control  level. 

As  with  other  diamidines,  the  serum  level  of  diminaz. quickly 
reaches  a  maximum  and  falls  rapidly  after  ip  injection  (Hawking,  1963). 
The  experiment  described  in  Figure  11  was  performed  to  determine 
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3 

whether  diminaz.  Inhibition  of  H-TdR  incorporation  was  reversible. 

3 

When  H-TdR  is  given  4-5  hr  aftera  Ccdl,  Inhibition  of  incorporation 
Is  substantially  (80%  vs  40%)  less  than  the  inhibition  observed  30 
min  after  diminaz. treatment.  These  results  indicate  some  resumption 

3 

of  H-TdR  Incorporation  several  hours  after  diminaz.  treatment  and 

3 

suggest  that  diminaz.  inhibition  of  H-TdR  incorporation  in  vivo  is 

3 

reversible.  oi  duninaz.  on  H-U  ^ofiponxvUon.  Figure  12 

3 

shows  the  effect  of  a  cd  on  the  incorporation  of  H-U  into  cold  5% 

TCA  precipitable-alkal i  unstable  material  (RNA)  at  various  times  af- 

3 

ter  exposure  of  trypanosomes  to  H-U  in  vivo.  Alkaline  hydrolysis 
removed  95%  of  the  radioactivity  from  TCA  precipitates.  The  radio¬ 
active  material  recoverable  from  70%  PCA  hydrolysates  of  dilute  acid 
Insoluble  extracts  was  almost  exclusively  uracil  and  cytosine.  Only 
a  small  amount  of  radioactive  thymine  (<5%)  was  detected  (see  Fig.  23). 

The  sum  of  the  synthesis  and  degradation  of  RNA  occurring  in  the  pre- 

3 

sence  of  a  continuously  decreasing  level  of  H-U  is  represented  by  the 
curves  in  Figure  12.  Much  of  the  RNA  labeled  during  the  pulse  is  be¬ 
lieved  to  be  m-RNA,  a  conclusion  derived  from  the  amount  of  label  dis- 

3 

appearing  from  RNA  between  3  and  7  hr  after  administration  of  H-U. 

3 

About  60%  less  H-U  Is  Incorporated  into  rapidly  labeled  RNA  In 
trypanosomes  In  Berenll  treated  vs.  untreated  mice  (Fig.  12).  When 

3 

Ipg/g  diminaz.  Is  given  the  Inhibition  of  Incorporation  of  H-U  Into 
rapidly  labeled  RNA  Is  reduced  to  20%  of  the  control  or  is  80%  of  control  level. 
The  experiment  described  In  Figure  13  was  performed  to  determine 

3 

whether  diminaz.  Inhibition  of  H-U  Incorporation  is  reversible. 


i 
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Effect  of  Diminaz.  on  the  Ratio  of  DNA/RNA/ Protein  in  T.  brucei  In  vivo. 

Table  I  shows  that  the  ONA,  RNA  and  protein  content  of  bloodstream 
trypanosomes  Is  doubled  after  12  hours  of  treatment  (~2. 1-2.2  generation 
times)  with  a  cd.  The  values  for  untreated  trypanosomes  are  similar  to 
those  reported  by  Riou  and  Pautrizel  (1969).  These  data  also  suggest 
that  Berenil  treated  trypanosomes  double  their  DNA,  RNA  and  protein  con¬ 
tent,  but  are  unable  to  divide.  Effect  of  Diminaz.  on  Incorporation  of 
^H- Thymidine,  ^^C-Uracil  and  ^^C-Leucine  into  DNA.  RNA  and  Protein  In 
Vitro.  DEAE  purified  trypanosomes  suspended  in  buffer  2  are  metabolically 
active  and  motile  for  3-4  hr  at  37 *C  (at  3.5  hr,  50*  of  the  cells  are  non- 
motile)  and  5-6  hr  at  25*C  (at  6  hr,  50*  of  the  cells  are  non-motile). 

The  incorporation  of  nucleic  acid  and  protein  precursors  under  these  con¬ 
ditions  probably  reflects  a  minimal  (endogenous)  synthesis.  Trypanosomes 
suspended  in  Dulbecco's  medium  plus  fetal  calf  serum  survived  no  longer 
than  in  buffer  2.  These  in  vitro  studies  were  not  performed  under  sterile 
conditions.  Incorporation  of  ^H-TdR  and  ^^C-Leu  in  vitro  were  unaffected 
by  penicillin  (100  U/ml)  and  streptomycin  (100  yg/ml).  The  amount  of 
label  incorporated  was  directly  proportional  to  the  concentration  of  try¬ 
panosomes  in  the  suspending  medium  indicating  no  significant  bacterial 
contamination. 

3 

Figure  14  shows  that  the  small  amount  of  H-TdR  incorporation  into 
trypanosome  DNA  (cold  5*  TCA  precipitable,  alkali  stable  material)  which 
occurs  at  25*C  in  buffer  2  is  inhibited  by  Berenil.  Figure  15  shows  that 
the  appreciable  Incorporation  of  H-TdR  into  trypanosome  DNA  which  occurs 
at  37*C  in  buffer  2,  is  completely  inhibited  by  5yg/m1  diminaz.  Figure 

3 

16  suggests  that  diminaz.  inhibition  of  H-TdR  Incorporation  in  vitro 
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3 

is  reversible,  i.e.  30  minutes  after  cessation  of  H-TdR  incorpora¬ 
tion,  cells  that  are  washed  and  resuspended  without  diminaz.  resume 

3 

incorporation  of  H-TdR.  These  in  vitro  results  are  in  agreement 
with  the  ijn  vivo  findings. 

Figure  17  reveals  that  appreciable  incorporation  of  ^^C-U  into 
trypanosome  RNA  (cold  5%  TCA  preci pi table,  alkali  unstable  material) 
occurs  at  25*C  in  vitro.  In  the  presence  of  diminaz.  (10  and  20 
pg/ml),  inhibition  of  incorporation  in  control  cells  (trypanosomes 
isolated  from  untreated  mice)  is  not  apparent  for  at  least  30  minutes. 
Trypanosomes  exposed  to  a  curative  dose  of  diminaz.  in  vivo  for  30 
minutes,  prior  to  being  harvested,  do  not  incorporate  label  whether 
or  not  diminaz.  is  added  to  the  incubation  medium.  However,  cells  re¬ 
suspended  in  the  absence  of  diminaz.  (plus  diminaz.  in  vivo  but  minus 
diminaz.  in  vitro)  incorporate  H-U  into  RNA  at  nearly  the  same  rate 
as  control  cells,  after  a  short  lag  period.  Incorporation  of  H-U 
into  RNA  proceeds  without  a  lag  for  only  a  short  time  at  37‘*C  (see 
Figure  18)  after  which  no  increase  in  the  amount  of  label  in  RNA  is 
detected.  The  incorporation  at  37*C  is  inhibited  by  diminaz. 

Figure  19a-d  show  the  results  of  a  series  of  pulse  and  chase  ex- 
periments  with  C-uracil.  These  results  suggest  that:  (i)  RNA 
synthesized  in  the  absence  of  diminaz.  is  degraded  more  quickly  in  the 
presence  of  diminaz.  than  in  the  absence  of  diminaz.,  i.e.  pre-existing 
RNA  is  degraded  more  rapidly  in  the  presence  of  diminaz.  than  in  the 
absence  of  diminaz.,  (ii)  RNA  synthesized  In  the  presence  of  diminaz.  is 
not  degraded  as  rapidly  as  pre-existing  RNA  when  diminaz.  is  present. 
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I.e.  RNA  synthesized  during  exposure  to  dimlnaz.ls  more  stable  to  de¬ 
gradation  than  RNA  synthesized  In  the  absence  of  dimlnaz.  Figures 
20  and  21  show  the  effect  of  dimlnaz.  on  Incorporation  of  C-leucIne 
Into  cold  5X  TCA  precipitable,  hot  5%  TCA  stable  material  at  2S*C  and 

37*C  In  vitro.  At  both  temperatures,  dimlnaz. appears  to  stimulate  the 
U 

Incorporation  of  C-Leu  Into  protein. 

These  In  vitro  results  suggest  that  Berenll  Interferes  with  DNA 
and  RNA  synthesis.  The  effect  of  Berenll  on  Isolated  In  vitro  DNA  and  RNA 
synthesizing  systems  was  examined  next. 

Chromatography  of  Trypanosome  PCA  Hydrolysates;  One  V^emlonat 
CIVLonatogfiam.  Figure  22  depicts  the  radioactive  bases  derived  from 
trypanosome  nucleic  acids  labeled  either  In  vivo  or  In  vitro  with 
'^H-thymldlne.  In  both  cases,  the  only  radioactive  base  recovered 
from  70%  PCA  hydrolysates  mbs  thymine.  When  trypanosomes  were  labeled 

3 

In  vivo  with  H-uracIl  (Fig.  23)  labeled  cytosine  and  uracil  (In  ap¬ 
proximately  equal  amounts)  and  a  trace  (<5X)  of  labeled  thymine  were 
recovered  from  the  70%  PCA  hydrolysate.  When  trypanosomes  were  labeled 
In  vitro  at  25*C  or  37*C  with  ^^C-urac11  (Figs.  24  and  25)  most  of  the 
radioactivity  recovered  from  the  PCA  hydrolysates  was  present  as  ura¬ 
cil  ,  a  small  amount  was  present  as  cytosine  and  about  25%  was  present 
as  thymine.  Two  V^enslonaZ  ChAomatogAoma.  Two  dimensional  chromato¬ 
grams  were  developed  (five  hours  In  solvent  1  and  six  hours  In  solvent 

2  at  room  temperature)  and  analyzed  for  cells  labeled  In  vivo  with 
3  3 

either  H-thymIdIne  on  -H-uracIl.  The  location  of  the  radioactivity 
Is  shown  In  Table  II.  The  R^  values  of  the  five  nucleic  acid  bases  In 
the  two  solvent  systems  are  shown  In  Table  III.  These  data  suggest 
that  (1)  the  metabolic  fate  of  thymidine  In  vivo  and  In  vitro  Is  the 
same  and  (11)  trypanosomes  convert  much  less  uracil  to  cytosine  and 


more  to  thym<ne  when  they  are  maintained  jn,  vitro.  Effect  of  diminaz.on 
DNA  Polymerase:  The  DMA  polymerase  catalyzed  incorporation  of  H-dTTP 
into  DNA  was  examined  using  three  different  DNA  polymerases,  two  bacter¬ 
ial  and  one  mammalian.  Omission  of  template  DNA  or  polymerase  from  the 
standard  reaction  mixture  reduced  incorporation  of  ^H-dTTP  by  98%.  ftnis- 
sion  of  one  nucleoside- 5* -triphosphate  from  the  reaction  mixture  reduced 
the  amount  of  DNA  synthesized  by  70%  and  omission  of  Mg'*^  ^i^om  the  reac- 
tion  mixture  reduced  the  amount  of  DNA  synthesized  by  80%.  The  Mg  op¬ 
timum  is  8-10  mM.  The  radioactivity  incorporated  was  sensitive  to  DNAase. 
In  this  system  DNA  is  saturating  at  ~100  yg/ml  for  the  E.  coli  enzyme  at 
-66  yg/ml  for  the  M.  lysodeikticus  enzyme  and  at  -88  yg/ml  for  the  calf 
thymus  enzyme.  With  these  polymerases  the  reaction  proceeds  at  a  constant 
rate  for  at  least  90  min.  The  reaction  was  stopped  by  pipetting  the  re¬ 
action  mixture  onto  filter  paper  disks,  previously  warmed  to  50*C.  The 
reaction  may  also  be  stopped  by  the  addition  of  diminaz.  (100  yg/ml)  to  the 
reaction  mixture.  When  the  time  dependence  of  the  reaction  was  examined 
using  diminaz. to  stop  the  reaction  at  appropriate  times,  and  all  reaction 
mixtures  were  placed  on  disks  after  90  min,  the  results  were  those  seen  in 
Figure  26.  These  data  Indicate  that  diminaz.  stops  DNA  synthesis  instanta¬ 
neously  but  does  not  cause  degradation  of  previously  synthesized  DNA. 

Figure  27  reveals  that  diminaz.  inhibits  the  activity  of  the  three  DNA 
polymerases.  The  bacterial  enzymes  are  more  sensitive  to  drug  (50%  in¬ 
hibition  is  achieved  at  5  yg/ml  diminaz.)  than  is  the  mammalian  enzyme  (50% 
inhibition  is  acheived  at  10  yg/ml  diminaz.).  At  5  yg/ml  diminaz.  the  ^ 
col i  enzyme  was  also  inhibited  by  50%  w..2n  E.  coli  heat  denatured 
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DMA  replaced  heat-denatured  CT-ONA  as  template.  The  experiments 
described  In  Figures  28-30  were  performed  to  determine  the  dlmlnaz.- 
sensltlve  reaction  constltuent(s).  The  ability  of  either  additional 
enzyme,  additional  DNA,  or  sRNA  to  relieve  dimlnaz.  Inhibition  was 
examined.  Figures  28  and  29  reveal  that  In  the  case  of  the  bacter¬ 
ial  enzymes,  only  the  addition  of  enzyme  effectively  overcomes  In¬ 
hibition.  Figure  30  shows  that  Inhibition  of  the  mammalian  enzyme 
Is  overcome  by  addition  of  either  DNA  or  enzyme.  These  results 
suggest  that:  (1)  dimlnaz.  probably  Inhibits  the  bacterial  polymer¬ 
ases  by  direct  action  on  the  enzyme,  (11)  dimlnaz.  does  not  abolish 
the  template  activity  of  DNA  for  the  bacterial  enzymes,  and  (111) 
the  mechanism  of  Inhibition  of  the  bacterial  vs.  the  mammalian 
enzymes  may  be  different.  Effect  of  Dimlnazene  on  RNA  Polymerase: 
The  characteristics  of  the  RNA  synthesizing  system  used  have  been 
described  (Chamberlain  and  Berg,  1962).  When  dimlnaz.  (SOpg/ml) 
was  added  to  the  standard  reaction  mixture,  only  a  slight  (<5%) 
Inhibition  of  RNA  synthesis  was  observed.  At  100  yg/ml  RNA  synthe¬ 
sis  was  Inhibited  by  20%.  These  data  Indicate  that  the  bacterial 
RNA  polymerase  (E.  coll)  Is  much  less  sensitive  to  Inhibition  than 
are  the  DNA  polymerases  studied. 
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DISCUSSION 

The  observation  that  the  number  of  trypanosomes  In  blood  does  not  In¬ 
crease  after  drug  treatment  suggests  that  dimlnaz.  Inhibits  cell  division 
In  vivo.  This  suggestion  Is  supported  by  u1 trastructural  alterations  seen 
In  trypanosomes  exposed  In  vivo  to  a  curative  dose  of  diminaz.  and  by  the 
near  doubling  of  the  ONA,  RNA  and  protein  content  In  these  cells.  There 
have  been  no  reports  suggesting  that  diminaz.  acts  to  Inhibit  cytokinesis. 

3 

The  recovery  of  H-thymIne  from  70%  HCIO^  hydrolysates  of  cold  dilute 
acid  Insoluble  material  obtained  from  trypanosomes  labeled  In  vitro  or  In 
vivo  with  ^H-TdR,  and  the  alkali  stability  of  the  radioactivity  In  5%  TCA 
ppt's.  Indicate  that  H-TdR  Is  Incorporated  into  the  DNA  of  the  bloodstream 
forms.  Similarly,  the  chromatographic  recovery  of  H-cytosIne  and  H-uracIl 
from  PCA  hydrolysates  Indicate  that  labeled  uracil  Is  Incorporated  Into  try¬ 
panosome  RNA. 

3 

The  reversible  Inhibition  of  Incorporation  of  H-TdR  Into  DNA  and  of 

3 

H-urac11  into  RNA,  under  both  In  vivo  and  In  vitro  conditions  of  drug  treat¬ 
ment  suggests  a  decreased  permeability  to  precursor(s)  or  a  decreased  rate 
of  nucleic  acid  synthesis  and/or  enhanced  rate  of  degradation.  The  finding 
of  2X  the  amount  of  DNA/cell  after  drug  treatment  and  Inhibition  of  DNA  poly¬ 
merase  reactions  In  vitro  suggest  that  Inhibition  of  Incorporation  of  label 
Into  DNA  reflects  Inhibition  of  synthesis.  In  the  case  of  RNA  metabolism  the 
apparent  absence  of  drug  effect  on  the  E.  coll  RNA  polymerase  reaction  may  In 
dicate  that  dimlnaz.does  not  directly  affect  RNA  polymerase  In  vivo.  The  Iso 
latlon  of  DNA  and  RNA  polymerases  from  bloodstream  trypanosomes  should  help 
clarify  the  effect  of  trypanocidal  aromatic  diamidines  on  these  enzymes. 
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We  have  attempted  to  examine  the  possibility  of  an  enhanced  rate  of 
degradation  of  RNA  following  drug  treatment  by  using  washed  trypanosomes 
In  vitro  In  pulse  and  chase  experiments.  These  data  are  to  be  Interpreted 
cautiously  since  the  RNA  synthesized  In  the  presence  of  dimlnaz.,  either 
In  vitro  or  In  vivo,  may  be  qualitatively  different  from  the  RNAs  syn¬ 
thesized  In  vivo  In  the  absence  of  drug.  Also,  there  are  quantitative 
differences  In  the  conversions  of  uracil  In  trypanosomes  In  vivo  compared 
to  washed  trypanosomes  In  vitro.  The  pulse  and  chase  data  show  that  pre¬ 
existing  RNA  Is  degraded  more  rapidly  In  the  presence  of  dimlnaz.  than  In 
the  absence  of  dimlnaz.  and  that  RNA  synthesized  In  the  presence  of  drug  Is 
more  stable  than  RNA  synthesized  In  the  absence  of  dimlnaz.  These  findings 
suggest  the  following  possibilities:  (1)  RNA  synthesized  In  the  presence 
of  dimlnaz.  is  qualitatively  different,  I.e. ,  a  more  stable  species  of  RNA 
Is  made,  (11)  RNA  synthesized  during  dimlnaz.  treatment  Is  chemically  altered 
and  more  resistant  to  RNAase,  (111)  mRNA  transcribed  In  the  presence  of 
dimlnaz.  has  a  higher  affinity  for  ribosomes  than  normal  mRNA  and  (1v)  RNA 
transcribed  In  the  presence  of  drug  remains  attached  to  the  DNA  template. 

The  latter  possibility  could  account.  In  part,  for  the  30  min  lag  period 
before  Inhibition  of  ^^C-urac11  Incorporation  was  seen  (see  Fig.  17),  I.e. 
RNA  synthesis  ceases  when  all  transcription  sites  are  saturated.  To  dis¬ 
tinguish  among  these  possibilities  It  will  be  necessary  to  examine  the  ef¬ 
fects  of  dimlnaz.  on  In  vitro  RNA  and  protein  synthesizing  systems,  the  com¬ 
ponents  of  which  are  derived  from  bloodstream  trypanosomes.  The  effects  of 
dimlnaz. on  trypanosome  RNAases  should  also  be  examined.  Likewise,  pulse 
and  cha.'e  experiments  should  be  done  on  bloodstream  trypanosomes  maintained 
in  vitro  In  an  appropriate  culture  medium. 
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Diminaz.  Inhibits  the  activity  of  DNA  polymerase  reactions  when 
E.  coli.  Micrococcus  lysodeikticus  or  calf  thymus  enzymes  (pol  I) 
are  used*  i.e.  addition  to  100  yg/ml  of  drug  instantaneously  stops 

3 

incorporation  of  H-dTTP  into  DNA.  Radioactivity  incorporated  into 
DNA  prior  to  addition  of  diminaz.  is  stable  during  prolonged  (up  to 
90  min)  incubation  of  the  reaction  mixture  at  37*C  in  the  presence  of 
diminaz.  These  findings  indicate  that  diminaz.  does  not  itself  de¬ 
grade  the  DNA  synthesized  nore  does  it  appear  to  activate  the 
and  5'-^3'  exonuclease  activities  of  DNA  polymerase  (Setlow  &  Korn- 
berg,  1972). 

The  two  bacterial  enzymes  were  more  sensitive  to  diminaz.  inhi¬ 
bition  than  was  the  mammalian  enzyme,  diminaz.  inhibition  of  the  bac¬ 
terial  enzyme  could  be  overcome  only  by  the  addition  of  DNA  polymer¬ 
ase,  indicating  action  on  the  enzyme,  diminaz.  inhibition  of  the 
mammalian  enzyme  could  be  overcome  either  by  addition  of  template  DNA 
or  DNA  polymerase.  These  findings  suggest  that  diminaz.  acts  on  DNA 
polymerase  (pol  I)  and  that  the  calf-thymus  enzyme  is  more  sensitive 
to  template-drug  interaction  than  the  bacterial  enzymes.  Should 
Berenil  exhibit  differential  activity  on  replicative  DNA  polymerases 
from  trypanosomes,  kinetoplast  selectivity  may  reflect  increased  drug 
sensitivity  of  the  mitochondrial  enzyme.  The  progressive  disorgan¬ 
ization  of  the  KP-DNA  seen  after  diminaz.  treatment  may  result  from 
stimulation  of  exonuclease  activity,  either  that  apart  from  or  that 
associated  with  a  mitochondrial  DNA  polymerase. 

These  data  do  not  Indicate  whether  inhibition  of  DNA  (and  pos¬ 
sibly  RNA)  synthesis  is  causally  related  to  the  inhibition  of 


1. 
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c;ytok1nes1s  or  primary  to  the  trypanocidal  action  of  d1m1naz.on  T. 
brucel .  Temporary  Inhibition  of  DMA  synthesis,  perhaps  through 
Induction  of  a  state  of  unbalanced  growth,  could  abolish  the  syn¬ 
chrony  of  the  cell  cycle  and  render  the  trypanosomes  unable  to  divide. 
This  could  favor  either  an  Immunol ogl cal 1y  mediated  elimination  of 
trypanosomes  by  the  host  or  continued  growth  until  a  critical  mass 
to  surface  ratio  Is  exceeded  resulting  In  cell  lysis.  Earlier  evi¬ 
dence  suggests  that  the  host  reticulo-endothellal  system  participates 
In  the  chemotherapeutic  activity  of  Antryclde  (quinapyramlne)  and 
Suramin  (Sen  et.  a1.,  1955).  An  Immune  clearing  following  drug 
treatment  has  been  suggested  to  explain  the  mechanism  of  action  of 
several  anti-cancer  agents  which  Inhibit  DMA  synthes’s  (Helmstetter, 
1971).  It  would  be  Interesting  to  note  the  course  of  dimlnaz. cure 
In  Infected  hosts  that  were  Immunosuppressed  or  splenectomized. 


Key  to  Symbols  Used  In  Electron  Micrographs 

cr  »  cristae 

K  =  Kinetoplast 

KD  B  Kinetoplast  DNA 

Km  *  Kinetoplast  membrane 

M  »  mitochondrion 

Mt  ®  subpelllcular  microtubles 

N  B  nucleus 

n  B  nucleolus 

nf  »  nucleolar  fragments 

Nn  B  nuclear  membrane 

P  *  Pellicle 


Figure  1:  Longitudinal  section  of  an  untreated  bloodstream  form  of 

T.  brucdl  (monomorphic)  showing  nucleus,  nucleolus,  nuclear 
membrane  with  nuclear  ribosomes,  and  daughter  kinetoplasts 
containing  the  filamentous,  rod-like  KP-ONA.  x  19,000 

Figure  2:  Longitudinal  section  of  T.  brucel  showing  nucleus,  nucleolus, 
and  nuclear  membrane  with  nuclear  ribosomes.  The  pellicle 
(glycoprotein  coat),  cell  membrane  and  underlying  micro¬ 
tubules  can  be  seen.  x  19,000 

Figure  3:  Longitudinal  section  of  untreated  T.  brucel  showing  the 

kinetoplast  and  KP-DfW.  The  continuity  of  the  kinetoplast 
and  mitochondrion  can  be  seen.  x  56,000 

Figure  4.  Longitudinal  section  of  untreated  T.  brucel  showing  the 

kinetoplast  and  KP-DNA.  The  double  membrane  of  the  kineto¬ 
plast  Is  visible  and  cristae-llke  structures  are  seen  In 
the  kinetoplast  matrix.  x  54,800 

Figures  5a  and  5b:  Longitudinal  sections  of  T.  brucel  exposed  In  vivo 

for  four  hours  to  a  curative  drug  dose.  The  fila¬ 
mentous,  rod-like  KP-DNA  Is  fragmented  Into  glubular 

masses.  a)  x  48,000 

b)  X  26,600 


Figure  6:  Longitudinal  section  of  T.  brucel  exposed  In  vivo  for  four 
hours  to  a  curative  drug  dose  showing  nucleus  and  nt’cleo- 
lus.  X  17,850 

Figure  7a,b,c:  Longitudinal  sections  of  T.  brucel  exposed  In  vivo  for 
eighteen  hours  to  a  curative  drug  dose.  KP-DNA  appears 
fragmented,  as  In  Figs.  5a  and  5b.  Nucleolar  condensa¬ 
tion  or  fragmentation  Is  evident.  a)  x  7580 

b)  X  8660 

c)  X  6500 
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Figure  8:  Comparison  of  serum  levels  of  H-thymIdIne  In  diminaz. treated 
and  untreated  mice  Infected  with  T.  brucel.  At  zero  time, 
three  mice  were  Injected  with  either  buffer  2  (0.2ml.)  or 
Berenll  (10  wg/g)  dissolved  In  buffer  2  (0.2ml.)  30  minutes 
later,  all  animals  were  Injected  with  H-thymIdine  (0.5  mCl/ 
0.25  ml.).  Tall  blood  samples  were  taken  at  0.5,  1,  2,  3, 
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and  4  hours  after  H-thymIdIne  Injection  and  the  sera  obtained 
by  centrifugation.  Aliquots  of  sera  were  spotted  on  Mllllpore 
filters  and  counted  by  the  liquid  scintillation  method. 
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Figure  9:  Comparison  of  serum  levels  of  H-uracIl  In  diminaz.  treated  and 
untreated  mice  Infected  with  T.  brucel.  Same  as  Fig.  8  except 
that  diminaz.  treated  and  control  animals  were  Injected  with 

3 

H-uracIl  (0.5  mC1/0.25ml.)  one  hour  after  Injection  of  Berenll 
or  buffer.  Tall  blood  samples  were  taken  at  0.5,  1,  2.5,  and 

3 

4  hours  after  H-uracIl  Injection. 


3 

Figure  10:  Comparison  of  H-thymIdIne  Incorporated  Into  the  DNA  of 

T.  brucel  In  dimlnaz.  treated  and  untreated  mice.  At  zero 

time,  control  animals  were  Injected  with  0.2  ml.  buffer  2 

and  experimental  animals  received  0.2  ml.  dimlnaz.  (lOug/g). 

3 

30  minutes  later  all  animals  were  Injected  with  H-thymIdIne 

(0.3  mC1/0.3ml.).  Blood  was  harvested  from  control  and  ex- 

3 

perlmental  animals  0.5,  1.5,  and  3.0  hours  after  H- thymidine 
Injection.  Trypanosomes  were  purified  from  mouse  blood  com¬ 
ponents  and  counted.  Aliquots  containing  10^  trypanosomes 
were  precipitated  with  cold  5*  TCA.  The  precipitates  were 
filtered  and  counted  by  the  liquid  scintillation  method.  Each 
point  on  the  curve  represents  the  average  of  values  obtained 
from  three  animals. 

3 

Figure  11:  Relative  amount  of  H-thymIdIne  Incorporated  Into  trypano¬ 
some  DNA  at  various  times  after  treatment  with  dimlnaz.  In  vivo. 
At  zero  time,  control  animals  were  Injected  with  buffer  2 
(0.2  ml)  and  experimental  animals  were  Injected  with  diminaz. 
(10  yg/g,  0.2  ml).  At  30  minutes,  4  hours,  and  5  hours  after 
Injection  of  buffer  or  diminaz.,  animals  were  injected  with 
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H-thymIdIne  (0.3mC1/0.3  ml).  After  two  hours  of  exposure  to 
the  Isotope,  trypanosomes  were  harvested  and  purified.  Trip¬ 
licate  samples  from  different  animals,  containing  10^  cells, 
were  precipitated  with  cold  5X  TCA,  filtered  on  Mllllpore  f1- 
ters  and  counted.  All  controls  showed  the  same  level  of  In- 
corporation  (lOOX)  whether  H-TdR  was  given  0.5,  4  or  5  hours 


after  Injection  with  buffer. 
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Figure  12:  Comparison  of  H-uracIl  Incorporated  Into  RNA  of  T.  brucel 

In  dimlnaz.  treated  and  untreated  mice.  Same  as  Fig.  10  ex> 

cept  that  H-uracIl  (0.2  mCI/0.2  ml.)  was  administered  to 

all  mice  one  hour  after  Injection  with  diminaz.  or  buffer. 

Blood  was  harvested  from  control  and  experimental  animals 

3 

1.  3,  5,  and  7  hours  after  Injection  with  H-uracIl. 
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Figure  13:  Relative  amount  of  H-uracil  Incorporated  Into  trypanosome 
RNA  at  various  times  after  treatment  with  diminaz.  In  vivo. 

3 

Same  as  Fig.  11  except  that  H-uracil  (0.2mC1/0.2  ml)  was 
administered  1  hour  and  3  hours  after  Injection  with  buffer 
or  diminaz,  and  trypanosomes  were  harvested  1  hour  after 
administration  of  ^H-U.  (When  trypanosomes  were  harvested 
3  hours  after  administration  of  ^H-U,  exactly  the  same  curve 
was  obtained).  All  controls  showed  the  same  level  of  In- 
corporation  (100%)  whether  H-U  was  given  1  or  3  hours  after 
Injection  with  buffer. 


TABLE  I 


Effect  of  Biminaz. on  DNA,  RNA.  and  protein  content  of  T.  brucei 


0NA(yg/ce11) 

RNA(iig/ce11) 

Prote1n(yg/ce11 ) 

Untreated 

Trypanosomes 

• 

X 

o 

1 

8.6  10’^ 

60.7  X  10”^ 

Trypanosomes  from 
Berenll  treated  mice 
(lOug/g;  12  hrs.~2.2 
generation  times) 

3.0  X  10'^ 

20.4  X  10"^ 

120.9  X  10'^ 

ONA  was  determined  by  the  p>n1tropheny1 hydrazine  method  (Webb 
and  Levy,  1955).  RNA  was  determined  by  the  orcinol  method  (Schneider, 
1937).  Protein  content  was  determined  by  the  Lowry  method. 
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Figure  14:  Effect  of  diminaz.  on  Incorporation  of  H-TdR  Into  DNA  at 
25*C  In  vitro.  OEAE-purlfled  trypanosomes  Isolated  from 
untreated  mice  (controls)  and  diminaz.  treated  mice  (Berenll 
In  vivo.  10  yg/g)  were  suspended  In  buffer  2  at  a  concen¬ 
tration  of  10^  cells/ml.  and  warmed  to  25*C.  Twenty-five 
ml.  aliquots  of  control  cells  were  Incubated  without  dimin¬ 
az.  and  with  diminaz.  (at  10  uq/ml  and  20  yg/ml)  and  twenty- 
five  ml.  aliquots  of  trypanosomes  from  diminaz.  treated  mice 
were  Incubated  without  diminaz. and  with  diminaz.  (10  yg/ml). 
diminaz.  was  added  to  flasks  1  minute  before  addition  of 
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H-thymIdIne  (4  yCl/ml).  Duplicate  0.5  ml.  aliquots  were 
removed  at  various  times  after  Isotope  was  added  and  pre¬ 
cipitated  with  cold  S%  TCA.  TCA  precipitates  were  filter¬ 
ed  and  counted  by  the  liquid  scintillation  method. 

Figure  15:  Effect  of  diminaz.  on  Incorporation  of  ^H-TdR  Into  DNA  at  37*C 
In  vitro.  DEAE-purlfled  trypanosomes  from  untreated  mice 
were  suspended  In  buffer  2  at  a  concentration  of  lO^cells/ml. 
and  warmed  to  37*C.  Twenty-five  aliquots  of  cells  were  Incu¬ 
bated  In  the  absence  of  diminaz.  and  in  the  presence  of  diminaz. 
(2  yg/ml  and  5  yg/ml).  diminaz.  was  added  to  flasks  1  minute 

3 

prior  to  addition  of  H-thymIdIne  (4  yCl/ml).  Duplicate  0.5 
ml.  aliquots  were  removed  at  various  times  after  addition  of 

3 

H-thjmi1d1ne»  precipitated  with  cold  5%  TCA  and  counted. 
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Figure  16:  Reversibility  of  diminaz.  Inhibition  of  H-TdR  Incorporation 
at  37 'C  in  vitro.  DEAE-purified  trypanosomes  from  untreated 
mice  were  suspended  In  buffer  2  at  a  concentration  of  lO^cells/ 
ml  and  Incubated  at  37*C  for  30  minutes  in  the  presence  of 
10  vg/ml  diminaz.  The  trypanosomes  were  removed  from  the  sus¬ 
pending  medium  by  centrifugation  and  resuspended  in  buffer  2 
without  diminaz. containing  ^H-thymidine  (4  yCi/ml).  Cell  sam¬ 
ples  were  removed  and  counted  as  in  Fig.  14. 
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Figure  17:  Effect  of  diminaz. on  Incorporation  of  C-uracil  into  RNA  at 
25*C  in  vitro.  Same  as  Fig.  14,  except  that  trypanosomes 
were  labeled  with  ^^C-urac11  (1 .2viC1/ml . ). 

Figure  18:  Effect  of  diminaz. on  Incorporation  of  ^^C-uracil  into  RNA  at 
37 *C  in  vitro.  Same  as  Fig.  19,  except  that  trypanosomes 
were  labeled  with  ^^C-uracil  {0.6vC1/ml .). 


Figure  19a: 


Figure  19b: 


Figure  19c: 


Figure  19d: 
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C-uracil  pulse  and  chase,  5  minute  pulse,  25*C.  DEAE- 
purified  trypanosomes  from  untreated  mice  were  suspended  in 
buffer  2  at  a  concentration  of  10^  cells/ml  and  warmed  to 
25*C.  Twenty-five  ml.  aliquots  of  cells  were  used.  The  pulse 

.14 

(  C-uracil,  .66wCi/ml)  was  given  in  the  presence  and  absence 
of  diminaz.  (3.3yg/ml),  and  the  chase  was  performed  (by  addition 
of  a  1000  fold  excess  of  unlabeled  uracil)  in  the  presence  and 
absence  of  diminaz.  (3.3  Wg/ml).  The  pulse  and  chase  were  per¬ 
formed  in  the  following  manner: 

(1)  5'  Pulse  (minus  diminaz )-chase  (minus  diminaz) 

(2)  5'  Pulse  (minus  diminaz )-chase  (plus  diminaz) 

(3)  5'  Pulse  (plus  diminaz )-chase  (plus  diminaz) 

Duplicate  0.5  ml.  aliquots  of  cells  were  removed  at  the  con¬ 
clusion  of  the  pulse  and  at  various  times  after  the  chase, 
precipitated  with  5%  TCA,  filtered  and  counted. 
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C-uracil  pulse  and  chase,  45  minutes  pulse,  25*C.  Same  as 
Fig.  19a,  except  that  pulse  time  was  45  minutes. 

14 

C-uracil  pulse  and  chase,  5  minute  pulse,  37*C.  Same  as 
Fig.  19a,  except  at  37 ‘C. 

14 

C-uracil  pulse  and  chase,  45  minute  pulse,  37*C.  Same  as 
Fig.  19a,  except  that  pulse  time  was  45  minutes  at  37*C. 


L 
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Figure  20;  Effect  of  diminaz.on  Incorporation  of  C-Leu  Into  protein 

at  25*C  In  vitro.  Same  as  Fig.  15,  except  that  trypanosomes 
14 

were  labeled  with  C>1euc1ne  (0.4yC1/m1),  and  Incubated  at 
25*C  with  and  without  dimlnaz.  (10  ug/ml  and  20  yg/ml). 
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Figure  21:  Effect  of  diminaz. on  Incorporation  of  C-Leu  Into  protein 
at  37*C  In  vitro.  Same  as  Fig.  20,  except  that  trypanosomes 
were  Incubated  at  37*C  with  and  without  dimlnaz. (2yg/m1  and 
5yg/ml). 


Figure  22: 


Figure  23: 


Figure  24: 


Figure  25: 


Radioactivity  profile  obtained  from  paper  chromatogram  of 
PCA  hydrolysates  of  trypanosomes  labeled  with  thymidine 
In  vivo  (2  hours,  0.5  mCl/mouse)  and  In  vitro  (1  hour,  37*C, 
dyCI/ml,  10^  cells/ml  buffer  2).  The  chromatogram  was  de¬ 
veloped  for  24  hours  at  room  temperature  In  solvent  1. 

Radioactivity  profile  obtained  from  paper  chromatogram  of  PCA 
hydrolysate  of  trypanosomes  labeled  In  vivo  with  H-uracIl 
(2  hours,  0.5  Cl/mouse).  The  chromatogram  was  developed  for 
24  hours  at  room  temperature  In  solvent  1. 

Radioactivity  profile  obtained  from  paper  chromatogram  of  PCA 

14 

hydrolysate  of  trypanosomes  labeled  in  vitro  with  C-uracIl 
(1  hour,  25*C,  0,66wC1/ml,  10^  cells/ml.  in  buffer  2).  The 
chromatogram  was  developed  for  24  hours  at  room  temperature 
In  solvent  1 . 

Radioactivity  profile  obtained  from  paper  chromatogram  of  PCA 

14 

hydrolysate  of  trypanosomes  labeled  in  vitro  with  C-uracil. 
Same  conditions  as  Fig.  24,  except  labeling  was  performed  at 


TABLE  II 


Location  of  Radioactivity  In  Two  Dimensional  Chromatograms 


Radioactivity  from  Radioactivity  from 
cells  labeled  with  cells  labeled  with 


Base 

^H-U  (cpm) 

^H-TdR  (cpm) 

G 

47 

43 

A 

34 

38 

C 

368 

46 

u 

360 

35 

1 

T 

61 

315 

TABLE  III 


values  of  Nucleic  Acid  Bases 


Base 

value  In  Solvent  1 

R^  value  In  : 

6 

0.17 

0.19 

A 

0.30 

0.43 

C 

0.46 

0.45 

U 

0.70 

0.53 

T 

0.79 

0.63 

Figure  26:  Time  dependence  of  the  three  DNA  polymerase  reactions.  All 
polymerases  were  present  at  a  concentration  of  5  U/ml  In  the 
standard  reaction  mixture.  [DNA]  -  88  yg/m1. 

Figure  27:  The  effect  of  Increasing  concentrations  of  diminaz.on  the  DNA 
polymerase  catalyzed  Incorporation  of  H-dTTP  Into  DNA.  All 
polymerases  were  at  a  concentration  of  5  units/ml.  In  the 
standard  reaction  mixture.  [DNA]  *  176  yg/ml. 

Figure  28:  Conditions  for  reversibility  of  dimlnaz. Inhibition  of  E.  coll 
DNA  polymerase.  The  effect  of  adding  polymerase,  DNA  and 
sRNA  to  the  standard  reaction  mixture  Initially  containing 
5yg/ml  Berenll ,  5  units/ml  E_.  coll  DNA  polymerase  and  176 
yg/ml  DNA  was  examined. 

Figure  29:  Conditions  for  reversibility  of  diminaz.  inhibition  of  M. 

lysodelkticus  DNA  polymerase.  The  effect  of  adding  poly¬ 
merase  and  DNA  to  the  standard  reaction  mixture  Initially 
containing  5  yg/ml  dimlnaz,  5  units/ml  M.  lysodelkticus  DNA 
polymerase  and  176  yg/ml  DNA  was  examined. 

Figure  30:  Conditions  for  the  reversibility  of  dimlnaz. Inhibition  of 

calf  thymus  DNA  polymerase.  The  effect  of  adding  polymerase, 
DNA  and  sRNA  to  the  standard  reaction  mixture  Initially  con¬ 
taining  10  yg/ml  dimlnaz,  5  units/ml  calf  thymus  DNA  poly¬ 
merase  and  176  yg/ml  DNA  was  examined. 
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